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SECTION 1

INTRODUC TION

Texas Instrumcnts Incorporated has overall responsibility for
operation of the Cumberland Plateau Seismological Observatory during the
period of May 1965 through April 1966, The station is operated for the Air
Force Technical Applications Center (AFTAC) under the spor.sorship of the
Advanced Research Projec:s Agency (ARPA) as part of the VELA UNIFORM
program.

This second quarterly progress report reviews the analysis,
engineering and research tasks which have been performed or initiated dur-
ing August, September and October of 1965.

During this second 3-month period of the contract, routine
operations and analysis have continued at CPSO, The research tasks involv-
irg ambient noise studies, signal-to-noise ratic studies and detection capa-
hility are advancing smoothly.

This report is divided into two functionalized sections {exclud-
ing the introduction); vis.,, Section II deals with station operations and
research and Section III covers the research tasks conducted by the Dallas
facility.

e M E— ) T m— e e T ———
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SECTION 1II

OPERATION

A. DESCRIPTION

A general description of the station operation and instrumen-
tation was provided in CPSO Quarterly Report No. 1. Since that time, two
high-frequency instruments were installed at the station that caused the develo-

corder and magnetic tape recorder channel designations to change, effective
26 October 1965.

The response of these systems to constant ground motion
input is shown in Figures II-1 and II-2., The revised channel designations
are presented in Tables 1I-1 and II-2 for trace identification.

B. ANALYSIS
1. Station Analysis — Routine

A relatively complete description of the analysis performed at
the station has been presented in CPSO Quarterly Report No. 1.

Analysis for the period of August, September and October of
1965 has proceeded on schedule in a normeal routine manner. Signal detec-
tion, however, has soraetimes been severely hampered by storm-generated
noise and by develocorder malfunctions. The number of events recorded
since July are as follows:

Month Teleseisms Near Regioaals
August 319 2
September 250 0
October 308 0

2. Station Analysis — Special
As reported in CPSO Quarterly Report No. 1, two projects

currently are in progress. An event library is being compiled and a study
of quarry blasts is being conducted,

i1-1
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DEVELOCORDER TRACE ASSIGNMENTS

Table 1I-1

| Channe’ Short Period Short-Period Long-Period
| Number Primary Data Secondary Data Primary Data
1 V {earth- V (earth-powered WI (anemometer)
powered Benioff) Benioff)
2 Z 7 Z8L MS (uncalibrated SP
microbarograph)
3 Z 1 Z8 LPZ (low gain)
4 Z 4 z 11, 12, 13 LPN (low gain)
5 Z 2 z 1, 7, 17, 18 LPE (low gain)
) Z 3 Z 4, 7,17, 19 LPZ (high gain)
7 Z 5 z 1, 4, 7, 17, LPN (high gain)
18, 19
8 Z 6 z 3, 6, 9, 14, LPE (high gain)
15, 16
9 Z 9 z 1, 3, 4, 6, ML (uncalibrated
7. 9, 10, 14, LP microbarograph)
i5, 16
10 zZ 10-19 MS (uncalibrated Z8
SP microbar-
ograph)
11 E TF (filtered Wi wWwVv
1-19)
12 Z T (1-19) ZHF5 -30db —
13 Z 8 ZHF5 -50db ——
14 SPN ZHF6 -304db ——
15 SPE ZHF6 -50db —_—
16 WWwV WWV —
-4
£ 3" ol - NP - ——
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Table 1I-2

TAPE RECORDER TRACE ASSIGNMENTS

Channel Tape Recorder Tape Recorder
Number No, 1 No. 2

1 TCDMG (Time Code) TCDMG (Time Code)

& Z 1 LPZ (high gain)

3 Z 2 LPN (high gain)

4 Z 3 LPE (high gain)

5 Z 4 SPN

6 Z 5 SPE

7 Compensation Compensation

8 Z 6 ZHF5 -10db

9 Z 7 ZHF5 -30db

10 Z 8 ZHF5 -50db

11 Z 9 ZHF6 -10db

12 210 ZHF6 -30db

13 Z TF (1-19 filtered) ZHF6 -50db

14 WWYV and Voice WWYV and Voice

The cumpilation of the station event library is progressing
smoothly. Generally, the library is composed of indexed reproductions of
interesting or unusual events taken from film data. In addition, each event
is cross-indexed as to computed and published phase-location, magnitude
and travel times.

The quarry blast study will make possible the construction of
accurate travel-time curves for lucal, near regional and regional events
recorded at CPSO. To date, approximately 100 quarry blasts have been
analyzed to locate prospective sites for recording origin or shot times,
Recording equipment ior use in this study currently is being assimilated
and tested for operation.

In conjunction with this study, computation of apparent hori-
zontal velocity is being madc to investigate pussible correlation witn azimuth
and distance.

11-5
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C. ENGINEERING
1. Instrumentation

The overall quality of the instrumentation has been improved
since July 1965, resulting in better data quality. A large contributor to this
improvement has been the installation of lightning protectors, Assoc.ated
Electrical Industries Model 16. Since installation of the new protectors in
August and September, CPSO has not experienced any instrument change or
down time due to electrical storms. Other factors contributing to better
instrument quality has been the development of a preventive m~intenance
program and standard procedures for instrument operation for this station,

Some problems eaperienced during the period ol August,
September and October of 1965 were

e Devclocorder malfunctioas due to severe corosion
caused by photographic chemicals. This is a con-
tinuing problem and car. be remedied only by
develocorder replacement

e Tape recorder spikes and dropouts caused by worn
tape guides, faulty signal discriminators and
noisy, old tapes

e Date timer, power amplifiers and power control
unit malfunctions caused by aging components

¢ Diminishing gain of LPZ. This problem currently
iz being investigated

2. Recommendations

The instrumentation can be upgraded with adeauate replace-
ment spares which will allow station personnel to substitute sparcs while
the original unit is heing overhauled. This is especially true of the develo-
corders, signal discriminators and date timer.

It also is recommended that some type of electrical generator
be installed for use during a power fail''re. A' prescent, when the station is
cperated on secondary or battery power, data 1s recorded only vn {ilim and

not on magnetic tape. With an automatic eleciric generator to drive the tape

-6

recorders and helicorders, data can be recorded on 11 systems.




D, QUALITY CONTROL

A detailed description of the quality control procedures for
the CPSO data was presented in Quarterly Report No. 1. The overall
quality of the film data has been good. However, as pointed out in subsec-
tion C. 1, the develocorder data does contain stops and skips. The quality of
the magnetic tape data has been good except for the problem of old and worn
tapes.
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SECTION Il

RESEARCH

A, GENERAL

The research activity conducted under this contract is, in
general, proceeding on schedule. The ambient noise studies have progressed
sufficiently to indicate that the noise field is running relatively constant
when compared with data collected in 1963. On the basis of this preliminary
conclusion, initial multichannel filter development has begun.

As of this report date, sufficient results have not been
obtained to warrant discussion of the signal-to-noise ratio studies and
detection capabilitv studies.

B. AMBIENT NOISE STUDILES
1. Power Density Spectra

The single-channel absolute power-density spectra have been
computed, as proposed in Quarterly Report No. 1, on a daily basis for May,
June and July of 1965. Figure III-]1 shows six representative power-density
spectra computed from the July data. These spectra for July have been
studied and compared with previously computed power-density spectra., Very
liitle change can be noticed in the gener:l noise level or shape of these spec-
tra, However, slight changes in power can be ubserved for individual
frequencies,

In Quarterly Report No. i, attention was given to the fluctuat-
ing peaks in the power-density spectra at the well-defined frequencies of 0. 50,
1.40, 1.90, ana 2,90 cps. For each of the defined frequencies, an atteinpt
was made with the existing data to correlate the fluctuation of power with
time. Efforts to relate the variation in power with the time of day proved
unsatisfactory, since the differ :nt hours of the day had to be taken irom data
extending over the period of a month, As more data is processed, the varia-
tion over longer periods will be studied. Also, noise samples will be taken
from each hour for a continuous 48-hr period to study any short time fluctua-
tions.,

1l1I-1
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The variation in the power level at other frequencies also
was studied, Results showed an expected relation with time of day, thus,
indicating a possibility that a portion of the noise power was due (o cultural
activity. This variation for frequencies of 1.0, 1.5, 2.0, and 2.5 cps is
displayed in Figure IlI-2. At each frequency, the noise power appears
highest between approximately 8 a. m. and 6 p.n , the period of greatest
cultural activity,

An attempt to relate changes in the power-density cpec.ra
with daily or seasonal changes was unsuccessful, as indicated in Figure
11I-3. The variation appears random and will require further data to deter-
mine any long time changes.

2. Frequency-Wavenumber Spectra

Seven frequency-wavenumber spectral estimates were com-
puted from data recorded during July for the frequencies of 0.25, 0.50,
0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25, and 2,50 cps. The noise data
was . selected at various hours from the days of July 3, 7, 10, 14, 17, 20,
and < 3.

Frequency-wavenumber spectra for the frequencies of 1. 00
and 1.75 cps from two of the noise samples, July 3 and July 14, are shown
in Figures III-4 through I1I-7.

The frequency-wavenumber spectra for July, in general,
agree with the previously presented spectra for May and June 1965 and with
the 1963 average. At frequencies of 1,0 cps and below, the spatially organ-
ized noise field is essentially the same as cther spectra computed for the
CPSO ambient noise field, indicating that the low-frequency (0.5 to 1. 0 cps)
noise field is remaining relatively stable.

The spectra at 1.75 cps show several spatially organized
noise lobes, A fluctuation in power of individual lobes is apparent at this
frequency. First observations indicate that lobe 3 and possibly lobe 6
fluctuate most significantly, Eiforts still are being made to correlate this
power fluctuation of specific lobes with the possible generating sources. A
study of the local area and the activities capable of generating the existing
noise lobes should help to verify that the energy of a specific noise lobe is
fluctuat’ The significance of the variation in power will be studied in
future au. ..ysis.

(Text continued vn page Iil-10)
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Figure llI-4, CPSO Ambient Noise Frequency-Wavenumbe =
Spectrum, July 3, 1965 (f = 1,00 CPS)
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= 1,094 CYCLES/KM

0.947 CYCLES/KM

G 0 thru -6 db

Figure 1II-5. CPSO Ambient Noise Frequency-Wavenumber
Spectrum, July 3, 1965 (f = 1.75 CPS)
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Figure IlII-7, CPSO Ambient Noise Frequency-Wavenumber
Spectrum, July 14, 1965 (£ = 1.75 CPS)
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An effort is being made to correlate the organized noise lobes
with their source, If the 1rbes can be associated with a source, this will
result in almost complete a.scription of the lobe since the source proba-
bly may be described. Coordination with station personnel presently is
being maintained wi.n respect to this effort,

3. Prediction Filtering Results

Spatial prediction filters have becn developed from data
recorded on May 4, June 2 and July 3, 1965. 'Chese filters have been
applied to their respective data samples from which they were designed and
the r sults were analyzed,

The percentage of spatially predictable noise power for the
three filters is show1 in Figure lli-8. Frequencies above 2. 0 cps indicaie
very little predictability with the array geometry used in this study. Pre-
vious studies have shown a higher degree of predictability at CPSO using a
19-element array which has a closer spacing of 0.3 km as opposed to C.6
km for the 10-element array. With the 10-element «rray, it appears that
noise at frequencies above 2 0 cps cannot be studied properly in the
frequency-wavenumber spectra.

Small variations are observed in the percentage of spatially
predictable noise power, especially around the frequ=ncies of 0.25 and 1. 00
cps. Comparing these changes in the percentage of predictable noise power
at 0.25 cps with the corresponding frequency-wavenumber spectra and the
single-channel power-density spectra indicates that the spatially organizeu
noise lobe 1 originating from the Southeast can be clearly related to the
change. The percentage of predictability is higher when this cohe:ent noise
is higher.

Compariscn of the variation around 1.0 cps with the frequency-
wavenumber at 1.0 cps did not reveal a relation between the two. The single-
channel power density spectra show the May and June Data have comparable
power levels around 1.0 cps and the July data has a slightly higher level. This
indicates a higher random noise level for the July data. A better understand-
ing of these variations can be obtained as more data is processed and studied,

The fluctuating noise power at 1.4 cps also should be noticed
on the basis of predictability., The fluctuating power appears to be completely
predictable, since an increase in the power density spectra can be related
directly to an equal increase in the percentage of predictable noise power
at 1.4 cps.

III-10
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Cl

of observed surface waves with wavelength.

DEVELOPMENT OF CPSO DISPERSION DATA

Dispersion is defined by Richter as "the increase in velocity
"k .te also points out that "if

the di-.ribution of S velocity with depth differs in two regions, one should
get different dispersion curves by plotting wave velocity against period."**
This leads to the assumption that, if the crustal model is divided into dis-
tinct layers, then a curve of velocity vs frequency should exist for each
wave traveling in each layer.

The dispersion*itirves mentioned 1n this section were calcu-

lated using Haskell's method. To plot a dispersion curve using this
technique, it is necessary to know both the depth of each layer and the veloc-
ity of the P- and S-waves in these layers. It should be noted that only the
curves for the Rayleigh (LR) waves and S-waves are shown on a dispersion
curve.

To determine the P, S and LR velocities for the CPSO sta-

tion, fo " quarry blasts from 1963 were chosen. By observing the sequence
of arrival of the waves at thc different seismometers, it was possible to
determine the direction of prupagation of the waves across the array and the
distance cach wave traveled from seismometer to seismometer. Then, by
measuring the time of arrival of the waves at each seismometer, the wave
velocities across the array were calculated. The velocities for the differ-
ent waves are shown in Table III-1. Analysis of Table III-1 shows three
g-'oups of P velocities, two groups of S velocities and one group of LR veloc-
ities. These velocities are shown in Table 1iI-2.

Since three velocities for the P-wave are apparent, the

assumption is that three distinct layers exist in the crustal model. The two
deepest layers have been shown to correspond with the Conrad and Mohoro-
vi¢ic discontinuities. These layers are at depths of approximately 20km
and 36 km ¥¥%¥

%
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Table [II-1

WAVE VELOCITIES

Table III-2 and the 20- and 30-km depths, but with different depths for the
To determine which of the curves was correct, several sets of
The velocities for the different power lobes (0

top layer,
f-k spectra were studied.

To find the depth of the first layer, a group of dispersion
curves were calculated nsing the Haskell method with the velocities in

P S LR
Velocities Velocities Velocities
= :'_—————_—=
8.34 3.52 3.30 3. 04 2.90 2.60
8.31 3,50 3.30 3.01 2.90 2.60
7.065 3.50 3.29 2.99 2.89 2.56
6.17 3,34 3.26 2.98 2.80 2.51
6.17 3.29 3.20 2.96 2.71 2.50
6.05 3,24 3.10 2.95 2.65
5.01 3.12 3.07 2.90 2.60
4,92
Table III-2
GROUPS OF WAVE VELOCITIES
P S LR
Velocities Velocities Velocities
| ————— — —————— |

8.10 3.5 2.92

6.10 3.25

5.00

and -3 db) from these spectra then were plotted vs frequency and the result-
ing curve matched most closely with the curve calculated for a depth of 4 km

for the top layer.

This dispersion curve is shown in Figure 11I-9.

D. MULTICHANNEL FILTER DEVELOPMENT

nal data.

Prescntly, two 19-channel multichannel filters are being
developed and will be evaluated using 1963 recorded ambient noise and sig-

The e two systems are

III-13
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(1) A 19-channel filter developed using measured-nolse corre.ation
statistics. Signal will be defined to propagate with infinite apparent
horizontal velocity. This filter will be designatec CPSO MCF -1.

(2) A 19-channel filter developed using a theoretical noise model

designed on the dispersion data in Figure 1llI-9. Signal will be

defined to propagate with infinite appareat horizontal velocity.

This filter will bc designated CPSO jP-20,

The results obtained using these two systems will be compared
with previous results obtained at CPSO in order to determine improvement
available with the 19-channel time-domain-developed {ilters. It should be

noted that previous {ilters were developed either in the frequency domain or
on ring model data.

1lie results obtained from MCF-1 and IP-20 wiil be compared

to determine the accuracy of the noise nodel and space stationarity of the
noise field.

Information obtained from this proposed analysis will be used
in recommending additional filters for the on-line digital processor and will

indicate the type filters which should be developed for use in the directional
detection studies.
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